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Normal Solenoid, TPC, TOF, EMCalorimeter, VTX detctor, pu detector
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The new experiment sP:

HENIX 1s moving along well
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’H ENIX S ummad ry Megan Connors %atter

 SPHENIX obtained CD-0 and working toward next stage
— Topical groups studying the physics goals
* Jet Structure
* HF Jets

e Quarkonia
e Cold QCD

* Tracking more defined:
— MAPS, INTT, TPC

 Beam tests of calorimeter system
— Calorimeter performance within sPHENIX requirements
— Simulation reproduces the data very well
— Publication of 2016 test beam coming soon!
— 2017 test beam completed

e Active collaboration with lots to do:

— https://www.facebook.com/sPHENIX.Experiment/
— DOE CD-1 Review (week of Nov 6, 2017)
— Looking forward to data in 2022




YEARS OF
DISCOVERY

A CENTURY OF SERVICE

In 2017, Brookhaven Lab is celebrating
two milestone anniversaries: 70 years
since the Laboratory's founding in 1947
and a century since the 1917 founding
of Camp Upton, the former U.S. Army
base where the Lab operates today. At
the same location where soldiers
assed through for two world wars and
rving Berlin wrote "God Bless
America," we lead and collaborate with
some of the world's brightest minds—
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Conservation of Isotopic Spin and Isotopic Gauge Invariance*
C.X. Yaxe t asp R,
et Vational Laborator
(Receivel June 28

s pinted out that th s il i cance wndessoopdc s cotion ot copsitant it
the concept of locafized ficlds. 1 & invarisnce under local isotopic spin
vatations. This leads to formulating  principle o N,\u,m g myariance and (he existnce of & b beld
which bas the same refation to the isotopic sy et the elcetromagoctic fild has to the clectric charge. The
b Geld satisfies nonlinenr difierential cquations. The quanta of the b fiekd are particles. witk spin unity,

he possibility is explord o

COPPER TARGET

(SHORT DISTANCE RUN)

3.0 BEV PROTON BEAM

GOSMOTRON

EXPERIMENTAL SET UP

Fic. 1. i 1ar showing
and short, distance oxposures.

of the beams in both the long

K_discovered

Nobel Prize-winning Discovery: The
Muon-Neutrino

Nobel Prize-winning Discovery: Parity Violation

Helicity of Neutrinos*
M. Goupmapeg, L. Grovzmss, ANv A, W Sunvax

Brookhasen National Loborators, Usion, New Fork
(Received December 11, 1957)

COMBINED analysis of circular polarization an
Tesonant scattering of y rays following orbit:
electron capture measures the helicity of the neutrini
We have carried oul such a measurement with Eul#
which decays by orbital electron capture. Tf we assun
the most plusible spin-parity assignment for th
isomer compatible with its decay scheme,' 0—, we fin
that the neutrino i “left-handed,” ie.,
(negative helicity).

Our method may be llustrated by the follow
simple example: take a vucleus A (spin £=0) whic
decays by allowed orbital clectron capture, to &
excited state of a nucleus B(/=1), from which a v ra|
is emitted to the ground state of B The cond
1ions necessary for Tesonant scattering are best fulfille
for those ~ rays which are emitted opposite to t
neutrino, which have an cnergy comparable to that «

isatapic spin unity, and clecivic charge ke or zero.

INTRODUCTION
HE conservation of isotopic spin is a much dis-
d concept in receal years. Hi
isolopie spm parameter was firs

utron
same particle was suggested at that time by the fact
that their masses are nearly equal, aod that (he light

ei_performed under the suspices of the U S, Alonic
Knrgy Commission.
1o teave of abscce rom s Dttt or Advancol Stk

, New Jur
"W Helsenberg, 2. Physik 77, 1 (1932).
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stable even nuclei contain equal numbers of them. ‘Then
in 1937 Brelt, Condon, and Present pointed out the
approximate cquality of p—p and u—p interactions in
the 'S state? It scemed natural to assume that this
cquality holds also in the other states available to both
the #—p and p— systems. Under such an assumption
ane arrives at the concept of a total isotopic spin? which
is conserved in tucleon-nucleon interactions. Kxperi-

¥ Breit, Candon, and Present, Phys. Rev. S0, 825 (1936). |
Selwingér pointed out 1 i attribated
Fo magne craclions ]

The tora] fotepic o K. Wigner,
Phys. S L T e W

s i (1956)
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Volume 178, nuaber PHYSICS LETTERS B 9 Octaber 1986

Jiy SUPPRESSION BY QUARK-GLUON PLASMA FORMATION *
T. MATSUI

Conterfo Theorctecal Physecs. Lahorators for Nuclear Sctence. Massachusetts Instuade of Technology:
Cambralge. $14 02136, €34

it Giclefeld, D-1800 Bickfeld, Fed Rep. Germany
Tonet, Bronkhaven Nationat Lateratore, Upton. NY 11975, €52

Recetved 17 Tuly 1986,

im the deconfined iterior of the interaction segion. To study this effcet, (he temperatwre dependence of the serecning radius. 35
D,

his effect
clearl in the dilepion mass spectrum is examuned. It is concluged that Jy suppression in nuclear collisions shovld provide an
wnambiguous sigaatore of quark-ghuon plasma formarion.

Nobel Prize-winning Discovery: Cosmic Neutrinos

Nobel Prize-winning Discovery: Atomic-Level
‘Pictures' of Protein

) i NSLS-1l Opens for Science
World's Fastest Multipurpose, Non-commercial ()4 ) oo . e
Supercomputer { ) r LTI J The National Synchrotron Light Source Il \ I
e b R e i Nobel Prize-winning Discovery: Chemistry of the ce dinthe w ated. The f
e world's fast c Cell
spanese RIKEN E
Roderick MacKinnon, M.D., a visiting researcher at Bro

| g W\

Upgrades at BLIP Facility to Produce Radiostopes for Diagnosing,
Treating Diseases

The 'Perfect Fluid sQGP

cientis cover q p perfect” liquid 100,000

me otter than the center of the and

’ gt BROOKHRAEN - ' HEZEN
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A 'Wearable' Brain Scanner Inspired
by Brookhaven Technology

Building on a Brookhaven Lab innovation
designed for brain imaging in moving rats, a team
in Virginia and West Virginia designs a device for
studies of human interaction, dementia,
movement disorders, and more

May 17, 2017

Stan Majewski, once a

physicist at Jefferson

Lab, now at the University of
Virginia, and Julie Brefczynski-Lewis,
a neuroscientist at West Virginia
University—co-developers of an

' Ambulatory Microdose Positron
Emission Tomography (AMPET)

L scanner—display a mockup of their

| * device at a scientific conference.
AMPET is based on a smaller mobile
scanner designed for studies in rats
that was developed at Brookhaven
Lab.

M 4 DV'IIQHHQIN“'ET A

The Brookhaven-developed scanner, dubbed "RatCAP,"

+EMLARGE
made it possible to scan animals without anesthesia.

Members of the RatCAP team in 2011 showing a brain scan and the
apparatus holding the ring-shaped detector: (front row, from left) Paul
Vaska, Craig Woody, Daniela Schulz, Srilalan Krishnamoorthy, Bosky
Ravindranath, (back row, from left) Sean Stoll, David Schlyer, Sri Harsha
Maramraju, Martin Purschke, Fritz Henn, and Paul O'Connor.

PET scanners,
aswellas CT
and MRI , are
used by
doctors but
they are built
by detector
physicists.

— Brookhaven Lab
physicist Craig Woody

Nora Volkow, who led a world-renowned brain-imaging
program at Brookhaven Lab, came up with the idea for
RatCAP. She is now the director of the National Institute on Drug Abuse.

| 7 Office of
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Muon Magnet's Moment has Arrived

The Muon g-2 experiment has begun its search
for Fhantom particles with its world-famous and
well-traveled electromagnet

June 1, 2017

| i e _.- 1 -
- 5 N . ; i |

The Muon g-2 ring with instrumentation, awaiting muons at
Fermi National Accelerator Laboratory. Credit: Fermilab

g

)
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Erice 2017

Getting to this point was a long road
for Muon g-2, both figuratively and
literally. The first generation of this
experiment took place at the U.S.
DOE’s Brookhaven National
Laboratory in New York State in the

late 1990s and early 2000s. !!1?2?

Since it would have cost 10 times
more to build a completely new
machine at Brookhaven rather than
move the magnet to Fermilab, the
Muon g-2 team transported that
large, fragile superconducting
magnet in one piece from Long
Island to the suburbs of Chicago in
the summer of 2013.

—~—
PHESENIX M. J. Tannenbaum 12




eRHIC first design— (ISSP2014)

FFAG Recirculating Electron Rings ERL Cryomodules
A
1.3-5.3 GeV W
6.6-21.2 GeV A
€ Y Beam Dump

Energy Recovery Linac,

1.32 GeV
Coherent 32Ge Polarized
Electron/Cooler Electron Source
Detector |
hadrons
Detector Hi -

electrons | —

100 meters
Sy
From AGS

P~ Office of
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eRHIC design progress 2017

Design Choice Validation Review Polarized Electron Source,
April 5-6, 2017 Ferdinand Willeke Pre-Injector
and Accumulator .
Injector
Linac

3 GeV

({
nln_ﬂ;,, ¢

: /Deteif(or |

(Pofarized)
Ign Source

v
oo

/

Storage Ring
5-18 GeV

Injector
7 7 1 Loops

National Academy of Sciences: US based electron ion collider Science Assessment 2/1/17-7/31/18
http://mwww8.nationalacademies.org/cp/projectview.aspx?key=49811
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Electron Ion Collider User Group Meeting 2017 (18-22 July 2017)

Europe/Rome «

English «

INFN
-

Istituto Nazionale
di Fisica Nucleare

Electron Ion Collder User Group Meetlng 2017

18-22 July 2017

Europe/Rome timezone

Overview

Registration

.. Registration Form

Call for Abstracts

.. View my abstracts
. Submit a new abstract

Committees

Parallel Session Conveners
Draft Timetable

List of registrants

Previous Meetings

Venue

Network access

)
BROOKHFAEN

NATIONAL LABORATORY
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Welcome to the webpage of the Electron Ion Collider User Group Meeting 2017, which
will take place in Trieste (Italy), on July 18- 22, 2017.

The Electron Ion Collider User Group Meeting will take place on Wednesday July 19th through Saturday July
22th, 2017 on the University of Trieste organized by the Trieste Division of INFN and the University of
Trieste. It will be preceded on Tuesday July 18th by a Workshop on Accelerators dedicated to the discussion
of the challenges for such a collider with European experts.

The Electron Ion Collider (EIC) is a proposed facility to study hadron physics at high energy recommended by
the 2015 Long Range Plane for Nuclear Science by the NSAC. The EIC User Group (EICUG) promotes the
realization of the EIC and its science and, presently it is formed by almost 700 scientists.

The motivations to hold the meeting in Europe, and in particular in Italy, are several: first of all, on top of
the usual scientific progress represented by all the EICUG meetings, it will offer an opportunity to the whole
European nuclear physics community to learn more about EIC, it will allow the interested European physicists
to be together in the right context to start forming a coherent community, possibly including numerous
young scientists, and, last but not least, it will possibly contribute to the formation of a committed
community within INFN itself.

The meeting will discuss the future plans for the Electron Ion Collider, review the advancements in the
strengthening the physics case, and discussing the technical plans for the collider and detectors.

The Meeting will take place at the Aula Magna of the Section of Studies in Modern Languages for Interpreting

and Translation, strategically situated in the heart of Trieste, a few steps from the main hotels of the town,
the Central Railway Station and the connections to the air terminal.

Erice 2017
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BBC spin direction of the A

Au+Au 20-50%
¥ A this study —

proton is emtted along T |ﬁ T T T I B T

oo
|

@ A this study |
¥¢ A PRC76 024915 (2007)
O A PRC76 024915 (2007) |
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quark-gluon
plasma / /

forward-going
beam fragment

_H._
=
g
-
L
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o
|

STAR-arXiv:1701.06657 to appear in Nature

Polarization (H is A or A-bar) Py (%)
N
|
|

10 107
Forward A are polarized in p+Be collision | _ | _ sy (GeV)
Bunce, et .al PRL 36('1976)11.13. . ® = kgT (fA’ 4+ ?_,) /ﬁ
STAR claims that this effect in Au+Au is new s . A
because A polarization is parallel to the angular Vorticity Formula. See if you can get
momentum of the Q PJSYS everywhere (1)"’1022/8, 1015 times larger than any other
fluid. But note, largest vorticity is at
See CERN 86-07 for T.D.Lee’s story of how Jack \/SNN=7'6"1.9G6Y WhjCI'G CERN fixed target
Steinberger missed parity violation of A decay measures---is their fluid also perfect or 7?7
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FYI for Particle Physicists
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For details see
T.D.Lee CERN 86-07
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BNL’s future plan 2017
 Years | Beam Species and | Science Goals | New Systems |

Heavy flavor flow, energy loss, Electron lenses
2014 ﬁ::ﬁﬁ :: ;SOGCeEZV thermalization, etc. 56 MHz SRF
3He+Au at 200 GeV Quarkonium studies STAR HFT
QCD critical point search STAR MTD

Extract n/s(T) + constrain initial
quantum fluctuations
Complete heavy flavor studies
Sphaleron tests

pt+p? at 200 GeV
2015-16 P ?+Au, pt+Al at 200 GeV
High statistics Au+Au

PHENIX MPC-EX
STAR FMS preshower
Roman Pots

AtAtat-62-CeV-2 - Coherent e-cooling test
Parton saturation tests
d+Au @ 200, 62, 39, 20 GeV arat
2017 pt+pt at 510 GeV Transverse spin physics Coherent e-cooling final

Sign change in Sivers function

96Zr+96Zr and 96Ru+96Ru to test PR
: Low energy e-cooling install.
2018 Ne-Rurr jsobars chiral magnetic effect on observed STAR iTP%yupgrade g
Au+Au charge separation effects

Search for QCD critical point and onset Low energy e-cooling

2019-20 Au+Au at 5-20 GeV (BES-2) of deconfinement

2022-23 Jet, di-jet, y-jet probes of parton
Au+Au at 200 GeV transport and energy loss mechanism sPHENIX
pt+p?, pt+Au at 200 GeV Color screening for different quarkonia Forward upgrades ?
Forward spin & initial state physics

2024-26 Factor of 10 increase Au+Au
>2023? No-Runs- — - Complete above measurements Transition to eRHIC
Factor of 4 increase p+p

This color is sPHENIX proposed run plan



2016

2015

2014

2013

2012

2011

2010

AuAu 200
dAu 200
dAu 62,39,20
PP 200
pAu 200
pAl 200
AuAu 200,15
SHeAu 200

PP 510

pPp 510

Pp 200
CuAu 200
Uuu 193

pPp 510
AuAu 200
AuAu 19,27
AuAu 200
AuAu 62,39)7

2.3/nb (90/pb)
1G & 73/nb
0.6G 0.1G, 8M

23/pb
80/nb (16/pb)
275/mb (7.4/pb)

2.3/nb (90/pb)
25/mb  (15/pb)

240/pb

50/pb

4/pb

Smb  (60/pb)
0.17/nb (10/pb)

28/pb
0.8/nb (32/pb)

1.1/nb  (44/pb)

VTX,FVTX
MPC-EX

VTX,FVTX

VTX, FVTX

W-trigger

W-trigger
VTX,FVTX

W-trigger
VTX

HBD

Heavy Flavor
Gluon nPDF
Small QGP

Heavy Flavor
Transverse spin
CNM, small QGP

Heavy Flavor
Small QGP

Anti-quark spin
Gluon spin

Anti-quark spin
Transverse spin
Heavy flavor
Geometry

Anti-quark spin
Heavy flavor
BES-I

Low mass ee
BES-I

Many physics topics with high statistics datasets > 5 years to complete publication of all results

PI-P"—ENIX
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RHIC energies, species combinations and luminosities (Run-1 to 16)

«
. ._
§ pt+pt Eg
§ pt+Al [:3
\§ pt+Au '9
§ d+Au 2
h+Au ag
Cu+Cu %;._
2
_ Cu+tAu =
. Aut+Au
U+U

20 23 27 39 56 62 130 193 200 410 500 510

Center-of-mass energy Vsyy [GeV] (scale not linear)

Why is 2017 RHIC run p} +p Ay ?
What happened to A; parity violation

for W boson coupled to flavor?

RHIC Run |Year Species Energy PHENIX Ldt

Run-1 2000 Au+Au 130 GeV 1 ub-1

Run-2 2001-2 Au+Au 200 GeV 24 pb-1

Run-2 Au+Au 19 GeV 0.4 pb-1
p+p 200 Gev 150 nb-1

Run-3 2002/3 d+Au 200 GeV 2.74 nb-1
p+p 200 GeV 0.35 nb-1

Run-4 2003/4 Au+Au 200 GeV 241 ub-1
Au+Au 62.4 GeV 9 ub-1

Run-5 2005 Cu+Cu 200 GeV 3 nb-1
Cu+Cu 62.4 GeV 0.19 nb-1
Cu+Cu 22.4 GeV 2.7 ub-1

Run-6 2006 p+p 200 GeV 10.7 pb-1
p+p 62.4 GeV 100 nb-1

Run-7 2007 Au+Au 200 GeV 813 ub-1

Run-8 2007/2008 (d+Au 200 GeV 80 nb-1
p+p 200 GeV 5.2 pb-1
Au+Au 9.2 GeV

Run-9 2009 p+p 200 GeV 16 pb-1
p+p 500 GeV 14 pb-1

Run-10 2010 Au+Au 200 GeV 1.3 nb-1
Au+Au 62.4 GeV 100 pb-1
Au+Au 39 GeV 40 ub-1
Au+Au 7.7 GeV 260 mb-1

Run-11 2011 p+p 500 GeV 27 pb-1
Au+Au 200 GeV 915 ub-1
Au+Au 27 GeV 5.2 ub-1
Au+Au 19.6 GeV 13.7 M events

Run-12 2012 p+p 200 GeV 9.2 pb-1
p+p 510 GeV 30 pb-1
U+u 193 GeV 171 ub-1
Cu+Au 200 GeV 4.96 nb-1

Run-13 2013 p+p (L) 510 GeV 156 pb-1

Run-14 2014 Au+Au 15 GeV 44.2 pb-1
Au+Au 200 GeV 2.56 nb-1
He3+Au 200 GeV 134 nb-1

Run-15 2015 p+p (L) 200 GeV 59.9 pb-1
p+Au (T) 200 GeV 206.2 nb-1
p+Al (T) 200 GeV 690.8 nb-1

Run-16 2016 Au+Au 200 GeV 14.3 G events
d+Au 200 GeV 572Mcentevts
d+Au 62.4 GeV 125Mcentevts
d+Au 19.6 GeV 15Mcentevts
d+Au 39 GeV 138Mcentevts

Run-17 2017 p+p (T) 510 GeV STAR only

| 7 Office of
(O science BROOKHEVEN

U.S. DEPARTMENT OF ENERGY

NATIONAL LABORATORY
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Operation of RHIC with two beams of highly polarized protons (70%,
either longitudinal or transverse) at high luminosity £ = 2 - 10%
cm ™2 sec™! for two months/year will allow high statististics studies of
polarization phenomena, in the perturbative region of hard scattering
where both QCD and ElectroWeak theory make detailed predictions

for polarization effects.

e Spin Structure Functions which require measurements in
hadron collisions to complement DIS electron measurements:

— G(x) and AG(z) by inclusive v and y+Jet measurements.

— Ag from Drell-Yan, Au from W~, Ad from W+.

1997: To exploit spin physics and lattice |
gauge theory, RIKEN (Japan) provided |}
one muon arm in PHENIX and money s
to support the snakes and spin rotators in | | .
RHIC. Also: the RIKEN BNL Research |}
Center (RBRC) was established at BNL
with T.D. Lee as founding Director.

Erice 2017 PI-P"{NIX M. J. Tannenbaum 21




Sea quark polarization via W production

Single spin
asymmetry
proportional
to quark
polarizations

Large asymmetries

Forward/backward
separation smeared
by W decay

kinematics

Aina —0

AT
P]_ 0'_+O'+ L

Q

Ag/ ~~
u+d - W e+,
u+d > W —e +1,

-@" Office of
~ 4 Science
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W’ p_>20 GeV W* p_>20 GeV
<, [ | DNS max | <« [ | DNSmax
L GRSV std 02 = GRSV std
- = DNS min F'_F‘a - DNS min
o4 DSSV — - DSSV

i GRSV val ] -0 GRSV val
0.2 _u___,_FlJ_rrJ C
i . -0.2 E
of I e
= -0.4 B

[ 110

- 0.6 u+ et u+
T E R T I T i ; R K T X R
TlLepton
—Au(xy)d(z2)(1 — cos 0)? + Ad(x1)u(xe)(1 + cos 0)?
u(z1)d(z2)(1 — cos 0)2 + d(x1)u(x2)(1 + cos #)2
—Ad(z1)u(z2)(1 + cos8)? + Au(z,)d(x2)(1 — cos )?
d(z1)u(z2)(1 + cos0)? + u(x1)d(x2)(1 — cos 6)?
Gy >> ()t AV zAd_d Gfieai AT B
7 === Ad
AE/ zA—u PH! (x1)<<{xp): A}fﬁ = 1

u d



Aq/q—-——assume known from DIS

r’

05

Bourrely———Soffer Predictions Bourrely———Soffer Predictions
lo_II T T |1 LB | L I | | T 71T l| TT II_ 10_II TT | Trrrir I-l \I_I I-I:I.[ I_¥I|_
) ar / / i
I / AG/G 1
o I / il
f:_: 05— . F -
E B / @ v 200 P - 7
E ) = 1
. L, 8 L -~ .
o -
B . &W, 500 PV
e ] o R 4 w.500 PC  aaya
i -? "\ = / N
i <4 [N i
qW, PV . W, 500 PV
L 5 B
B ﬂd/d (4 B
-0.5 B o -0.5
- q |
-1.0— — -1.0— —
11 11 | 1181 | 11 113 | 1 113 | 111 1 111 1 | 1 1113 I 1111 | 1111 [ 1 811
0.0 0.1 0.2 03 0.4 05 0.0 0.1 0.2 0.3 04 0.5
X X
mid rapidity W—e+v

¢8/C/9 Wnequauuel K

RHIC pp \s = 500 GeV J L dt =309 pb”

—— AW
— — AW)

&
[IIIIIIIGI,IIIIIII|

--- GS95LO(A)

— BS(Ag=0)

4 | 1 IIIIII| | | 11

102 10"

forward rapidity W= ¢ +v 1.1<lyl<2.3

We thought we could calculate LO x, and x, for p+p (q+gbar) ~*» W=+X; W= u* +v.
Works well for forward p, but more complicated than we thought---kinematic ambiguity.
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Kinematic ambiguity: 18 yy; in the G+i—oW s etv
same or opposite direction as e? § = InZ 5 = My =z
Missing p, much easier fder = [ ?Jf
4 + Y = Yo t+yw
) ) = +cosh™' =% +1n T19/8
e = 2pre Mw
B 11 E+ P ] E+ Py
Yo E-P, " mr
X2P X p
v,
v,
y.=+0.35, p;=35, y*=+0.54, y.=+0.35, p;=35, y*=-0.54,
yy=-0.19,y.=-0.73 yy=+0.89,y =+1.43
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1 \/NT¢ ¢+7[ \/NT¢+7TN¢(¢) LEFT\ 00Gev
= A = o-
\ i Proton
% \/NT(b ¢+7T +\/NT(¢+75)NJ,(¢) _ -
X 1 1 ooey
m 4 N 1 =2 N » - N
— < [ STAR p-p 500 GeV (L =25 pb’) < [ STARp-p 500 GeV (L =25 pb’) e RIGHT
o 0.8-9.5 <P <10 GeVic 08195 <P <10 GeVic
— 0.6]- 0.6}
i~ C C
Q 0.4F 0.4f
L T —A— L
= 0.2) _ } 0.2
oy n .= - ‘
’4 0:._....:.::..;.:.._... o A 0
a7 r - £ C
QI.‘ -0.2- -0.2f
a7 04 FW Ty -0.4f
g 0 6:— KQ (assuming ‘“‘sign change”) 0 6:— KQ (no ‘“sign change”)
s V9L T Global y2/d.0.f. = 7.4 /6 9L T T Global y2/d.o.f. = 19.6 /6
-0.8 :_3 4% beam pol. uncertainty not shown -0.8 :_3.4% beam pol. uncertainty not shown
_1 C | 1 1 1 1 | 1 1 1 1 | _1 | 1 1 1 1 | 1 1 1 1 |
-0.5 0 0.5 -0.5 0 0.5

v yvY
TMD is transverse momentum (k) dependent parton distribution functions in a proton.
Sivers function is the correlation of the intrinsic k; direction of a parton with the spin
of the proton. Sivers function may change sign according to the number of gluons
exchanged in the reaction, e.g. e+p —> e+p+=+X [y+q —> 7= +X] PRLY94, 012002
compared to g+gbar —> W*+X or et + ¢ +X. 2017 run will have >5 increase in events.
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Medium Energy Nuclear Physics:

National laboratory and university research support is reduced and several
activities within the Medium Energy program are ended to enable the high
priority 12 GeV JLAB science program. These include the RHIC Spin program
focused on understanding the spin structure of the proton,

Heavy Ion Nuclear Physics:

Funding for operations of RHIC is provided to enable world-leading research in heavy
ion nuclear physics in order to answer fundamental questions about the properties of
the quark-gluon plasma discovered there and about the scientific explanation of
intriguing new phenomena resulting from that discovery.

U.S. participation in the complementary CERN Large Hadron Collider (LHC) heavy
ion program is ended, and national laboratory and university research is reduced.
Research efforts focus to support the domestic heavy ion program at RHIC — data
taking, analysis and the enhancement of existing scientific instrumentation and
infrastructure.
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What 1s Sivers function and TMD
factorization and who cares?

CERN COMPASS (NAS5S8) cares, see arXiv:
1704.00488 1f you like “pretzelosity”
PHENIX cares: with published and new results
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From 2016: 2 particle azimuthal correlations amd k.
quark ‘intrimsic’ (ransverse momemntum

-« 7
direct photon p{l’f’-’]
assoc i R
\/ikT Pr . jet p%s soc
trig e j
. Pr :
i v/2kr,
§ At’l"’ig ........ ._ ., .. .. .. .. .. ..................
jet pp L

Dijets and dihadrons are not back to back in azimuth because of ki, mean parton
transverse momentum in a nucleon, named by Feynman, Field and Fox NPB128,1-65

(- 2P et BROOKHRUEN ‘ HZEN
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= -h 70-h* p® [GeV/

o 10E- p+p at Vs=510 GeV rht e by tlGe I3

> _ L3

[ H=a nl<0.35 O 5-6(x10 ) E

9] T [0 6-7(x10%) _J
a| s 102 = —<A237c ¢<4—§'3 78 (x10%) =

- -4
S| Zo®10°E  0.7<p™°<10 GeVic vV 89(x10 3
N O 4n3LC T W O 912 (x10%) 3
< o 10 = : & 12-15 (x10°) §
= 1—|Z- 104k PHENIX =
S 10°= -
g -6 = " —
lg 10 E? - E;
a 107 E- - —
; 108 ' =
z 10° e -
LTEJ 1010 =="%
A P i S
10 8

Gaussian for pout<1.5 GeV/c likely represents the intrinsic k; while the power law
for pout>1.5 GeV/c is likely standard QCD gluon radiation
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o

= " ) | | | | |
S O PHENIX n®-h* ~— PHENIXx%-h"Linear Fit | S :
© | ®PHENIXy-h® . PHENIX y-h* Linear Fit Doesl. M@ 020% p+Au at sy, =200 GeV
O, O PYTHIA Perugia0 n°-h* —— PYTHIA n°-h* Linear Fit Ohe o 20-60% 0.7<p?_ss°°<6 GeV/c
c B PYTHIA Perugia0 y-h* ----- PYTHIA y-h* Linear Fit - r mi<0.35 .
5 07 1= + 6084% Fit Range: [-1.1,1.1] GeV/c
: <035 S oo ange:[11,11] GeVle_
c B p+p at Vs=510 GeV 1= - -
= E assoc (- -
2 W 0.7<p_"""<10 GeV/c & .55 |
S 06 ; 0
© 2 - .
O ©

¢ 0.5 =

PH-<ENIX
0.45[— preliminary —]
N I N N NN S R N NN (N - .
4 5 6 7 8 9 10 11 12 13 14 0.4 | |
p‘Tf'g [GeV/c] 4 6 8 10

2 . 14
ptT”@J [GeV/c]
The decrease of the Gaussian width for 7°-h with increasing hard-scale (pyy;,) is
consistent with QCD (Pythia) with no TMD factorization and opposite from the TMD
prediction for y+h which should increase (see PRD95, 072002 and arXiv:1704.00488
for explanations). The increasing width with centrality in p+Au for py;,< 10 GeV/c but

not for larger pr,;, may be relevant for azimuthal broadening predictions in A+A
collisions (to be discussed later).
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Cross Section in p-p collisions c.m. energy +/s

The overall p-p reaction cross section
is the sum over constituent reactions
a+b—c+d
fA(zy), fB(zy), are structure functions, the differential probabilities
for constituents a and b to carry momentum fractions z; and xs
of their respective protons, e.g. u(x1),

d3o 1 i 5 ﬂ-az(Q2> " )
dzdzed cosf* E%fa (@1)fy (22) D% s 2% (cos 07)

%(cos B*), the characteristic subprocess angular distributions

and a,(Q?) = 251n(15§ 752y are predicted by QCD

QCD cross sections factorize to structure function, subprocesses and (not shown
here) fragmentation functions. Do the structure functions depend on k; and if so
do they factorize also? If so, this would be TMD factorization.
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Review of RHIC “world-leading research in
heavy 10n nuclear physics” and answers to
fundamental questions about the properties
of the quark-gluon plasma discovered there
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(QGP)

* Suppression of high p; hadrons from hard-scattering of initial
state partons; also modification of the away-side jet

* Elliptic Flow at the Hydrodynamic limit as a near ideal fluid with

shear viscosity/entropy density at or near the quantum lower
bound 1/s=1/(4m)

 Elliptic flow of particles proportional to the number of the
valence (constituent) quark count.

e Charged particle multiplicity proportional to the number of
constituent quark participants

* Higher order flow moments proportional to density fluctuations of
the initial colliding nucle1

* Suppression and flow of heavy quarks roughly the same as that of
light quarks; QCD hard direct photons not suppressed, don’t flow.

* Production and flow of thermal soft photons.

' Office of
.C { Science BROOKHFAVEN Erice 2017 PI-thNIX M. J. Tannenbaum 33



Constituent quarks are Gell-Mann’s
quarks from Phys. Lett. 8 (1964)214,
proton=uud [Zweig’s Aces].These are
relevant for static properties and soft
physics, low Q?<2 GeV?; resolution>
0.14fm

For hard-scattering, p>2
GeV/c, Q*=2p>>8 GeV?,
the partons (~massless
current quarks, gluons and
sea quarks) become visible

1.6fm

Resolution ~0.5fm Resolution ~0.1fm Resolution <0.07fm
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__Spectators

\ q_
\ ~15fi} -

\ ’ ‘ .— Participants

\
\ \

e

lon

log scale

3 /
o5
Maximum
- number of
Maximum impact / part. = 394
‘ =2x197

~ parameter ~ 15fm

.

15fm b = impact parameter Ofm
0 N_part 394

Schematic of collision in N-N c.m. system of two Lorentz contracted nuclei with radius R and
impact parameter b. The curve with ordinate do/dn, represents the relative probability of charged
particle multiplicity n,, which is proportional to the number of participating nucleons N,
(actually to number of participating constiutent quarks, N, )The degree of overlap of the two

nuclei is called the centrality. More central means smaller b.
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@ 200 GeV Au+Au
@ 200 GeV p+p

qp)[v=0]

N
T | T T

z + 56.Gov Auen Charged particle multiplicity

S | R dN_,/dn 1s proportional to the

~ 19.6 GeV Au+Au .

5 | the number of constituent quark
~ é[ B 7.7 GeV Au+Au § t ] ¢ N

A IO O S participants N

S g

T'~T.T.T, L. ] .
it 444
ALKk dicko ke d
0.5_— lﬁjﬁ-ii:—=- ‘
| PHENIX
0 ] ] ] ] I L l l l I
Nop

PHENIX PRC93(2016)024901
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Anisotropic Transverse Flow--an
Interesting complication in AA collisions

e spatial anisotropy=> momentum
anisotropy

>
X
¢ = atan&
Py
Ed*N d3N BN
dp® prdprdyd¢ 27 prdprdy 2 Zn: Un €08 (¢ R)]
. .. = V,=<CO0S2 QD>
*Perform a Fourier decomposition of the V% <cos¢> . 2 ¢ .
momentum space particle distributions in Directed flow Elliptical flow dominant
the x-y plane zero at midrapidity at midrapidity

vV, 1s the 2nd harmonic Fourier coefficient
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PRC 95 (2017) 034910 PRL 114, 192301, (2015) PRL 115, 142301, (2015) 0-5% |s,, = 200 GeV
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0.25 _RO iig . I = *He+Auv,, v, (PRL 115, 142301) 7
[ ::‘:Nprc 0 0 5 A) o q T ° 1 : e d+Auv,, v :
: t SHe+Au f 015 “ 1ELE
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My opinion: small system flow indicates the

importance of constituent quarks in initial
geometry but likely 1s not an indication of QGP
Flow exists in all A+A collisions

QY
>

Nuclei bounce
off each other
and break into
fragments

Here slow
moving Nuclei
make particles

but block
particles

emitted in event

plane which
squeeze out
vertically
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Berkeley Lab's Heavy FIavor Tracker team mcluded (from Ieft)

At o~ _——

close-up view of components of the Heavy Flavor Tracker, |+ERLARGE

STAR’s HFT, a state-of-the-art tracking device, developed by nuclear physicists at
Lawrence Berkeley National Laboratory:the HFT is the first silicon detector at a collider
that uses Monolithic Active Pixel Sensor technology —the same technology used in
digital cameras. The ultrathin sensors—unlike many of the particle detection
components of STAR —sit very close to the central beampipe
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Constituent

quark scaling

STAR PRL 118 (2017) 212301

Comparison to
model calculations

q

ODO oA
AE

2

o
—

o
o
a

“iﬁa

Anisotropy Parameter, v _/n

STAR Au+AU |/, = 200 GeV i
10-40%

2

T

o
o

Anisotropy Parameter, v
o

o

® STARD®
--- SUBATECH
- —— TAMU c-quark diff.

.- LBT
- PHSD

I — - 3D viscous hydro -
s —% $

STAR Au+Au |sy, = 200 GeV
0-80%

TAMU no c-quark diff.

Duke - 2rTD=7

T

1 1.5 2
(M, -mg) / n (GeVic 2)

Conclusion: Several theoretical calculations with
temperature-dependent, dimensionless charm quark spatial
diffusion coefficients (27tTDs) in the range of ~2—12 can
simultaneously reproduce our D° v, result as well as the
previously published STAR measurement of the D° nuclear

modification factor. PRL113(2014)142301
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Compare with 2zTD; »*/NDF

SUBATECH [17] 2-4 15.2/8
TAMU c quark diffusion [20] 5-12  10.0/8
TAMU no ¢ quark diffusion [20] 29.5/8
Duke [19] 7 35.7/8
LBT [21] 3-6 11.1/8
PHSD [16] 5-12 8.7/7
3D viscous hydro [39] 3.6/6
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A heavy quark thermalizing in the medium is treated as a diffusion problem with diffusion
coefficient D=61/(e+p). The enthalpy e+p=Ts at uz=0 which provides an estimate for the
viscosity to entropy ratio for D=(6 to 4)/(2wT)=6m/(Ts) of 1n/s=(2 to 4/3)/4m, intriguingly

close to the conjectured quantum lower bound 1/s=1/4m, hence the perfect fluid.
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Measurement compared to theory

PHENIX PRL 97 (2006) 252002 292 cites
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See Baier, Schiff, Zakharov, Ann. Rev. Nucl. Part. Sci. 50, 37 (2000).

e Energy loss of an outgoing parton with color charge fully exposed in a
medium with a large density of similarly exposed color charges (i.e. a QGP)
from LPM coherent radiation of gluons is predicted in QCD by BDMPSZ.

/// Hard scattered partons lose energy
| going through the medium so that
E.ﬁ; there are fewer partons or jet
O q [ O fragments at a given p; The ratio of
= measured AA to scaled pp cross

section which=1for no energy loss is:

j/\

Lots of evidence for jet Quenching, dzNXA /dedyNZ:l
discovered at RHIC for % and h# RAA (]?T) = e
(T,y)d07, /dp,dy

PHENIX PRL 88,022301 (2002) 963 cites
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< PHENIX Au+Au, \/s,, =200 GeV, 0-10% most central
oc 2.2~ didirecty 0-5% cent (arXiv:1205.5759) ¥ Jhp 0-20% cent. (PRL98, 232301) :
2 _ §n° (PRL101, 232301) & o 0-20% cent. (PRC84, 044902) P&I‘thl? 1D
" i (PRC82, 011902) } e, (PRC84, 044905) 1S crucial:
1.8~ # ¢ (PRC83, 024090) { K* (PRC83, 064903) .
1 Ly 1P (PRO83, 06400) different
- L] c
1 al particles
1.2 behave
1 i r}].f{“...{b ....... [}1 ............................. differently
0.8 “}“
0.6
0-2 [ . @ :
PRI R ERT SR N TR R S R | |

% 274 6 8 10 12 14 16 18 20
p (GeV/c)

Notable are that ALL particles are suppressed for p>2 GeV/c
(except for direct-y), even electrons from ¢ and b quark decay; with

| one notable exception: the protons are enhanced-(baryon anomaly)
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(1) The energy loss of the outgoing parton, —dF/dz, per unit length (x)
of a medium with total length L, is proportional to the total 4-momentum
transfer-squared, ¢*(L), and takes the form:
—dE 2
= as(q*(L)) = as p* L/ Aty = a5 G L
where p, is the mean momentum transfer per collision, and the transport

coefficient § = p©? /Amfp is the 4-momentum-transfer-squared to the medium
per mean free path, Apgp,.

(2) Additionally, the accumulated momentum-squared, (p3 ;) transverse to
a parton traversing a length L in the medium is well approximated by

(Phw) = (L) =dL (L) /2= (k) 4y~ (FT)

since only the component of (p? ) L to the scattering plane affects kr.

From R, , observed at RHIC (after 12 years) the JET Collab. PRC 90 (2014) 014909
has found that ¢ = 1.2+0.3 GeV%fm at RHIC, 1.9+ 0.7 at LHC at initial time 1,=0.6
fm/c but nobody has yet measured the azimuthal broadening predicted in (2) !
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N § Preliminary - - N
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p4p V<k2>=2 510,31 GeV/c o 50 e
MIT-(GL) with this data 1702.00840v2 STAR Jet-Jet NPA956(2016)641
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Trigger PT A pTa JET

JET —
...__j ﬁﬁﬁﬁﬁﬁﬁﬁ ._’ kT

Thanks to FFF, k is the transverse momentum of a quark in a nucleon so for a p+p or
n+n collision the two k; add vectorially at random. It is easier to understand from the
figure above where the two k are represented as:vertical, which gives the azimuthal
decorrelation of the two jets; and_horizontal which changes the py, of the trigger jet

We calculate <k%> from p+p and Au+Au di-hadron measurements with the
same trigger particle transverse momentum, pr;, away-side prq, T = pra/pri
and pout = presin A¢. The di-hadrons are assumed to be fragments of
jets with transverse momenta pr; and pr, with ratio T, = pre/pr, where
2 ~ pr/Pre is the fragmentation variable, the fraction of momentum of the
trigger particle in the trigger jet, and jr is the jet fragmentation transverse

momentum. - 2 2y #.48
=2 \/ (P) = (1 +33) (32) /2

(21 37;2;,
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The key new idea (k’) gives am elegamt Solutiomn

For a di-jet produced in a hard scattering, the initial py; and pp, will both be
reduced by energy loss in the medium to become p'r; and p'7, which will be
measured by the di-hadron correlations with pr; and pr, in Au+Au collisions.
As both jets from the initial di-jet lose energy in the medium, the azimuthal
angle between the di-jets from the <k%> in the original collision should not
change unless the medium induces multiple scattering from ¢. Thus, without
¢ and assuming the same fragmentation transverse momentum < j%) in the
original jets and those that have lost energy, the p,.: between the away hadron

with pr, and the trigger hadron with pr; will not change, but the <k’ %> will

be reduced because the ratio of the away to the trigger jets 'y, = 9’1o /0’14
will be reduced. Thus the calculation of £’7 from the di-hadron p+p measure-
ment to compare with Au+Au measurement with the same di-hadron trigger
pry and pr, must use the values of Zj, and (zr) from the Au+Au measure-
ment to compensate for the energy lost by the original dijet in p+p collisions.

The same values of Zj, and (z7) in Au+Au and p+p gives the cool result:

(Pous) 44— (Pout >pp]

(0L f2 = [ﬁ]
PP =5" Office of

i . \I/
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jet pTa
___________________________ R; Ty
<« 'l pout

Imitial configuration & di-jet with ky, and fragments with D,y -
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’ jet pTa
——————————————————————————————— k‘ ATy /
g ¢
o 1Y) e Jpout
jetpTt | ot e |

Fimal configuration a di-jet with k’; and fragments with [y, -
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Find g-hat firom the STAR data

A) Bjorken parent-child relation and "trigger-bias’ proves that the
power n of the jet p distribution is the same as the power of the 7°’s

B) Calculate <z> from the quark or gluon fragmentation fn or both.
This is easy for the STAR paper who measured <z>=0.80+0.05 in
their p+p collisions for i with12< p,<20 GeV/c

C) Fit the away-side peak in the correlation fn. to a gaussian in p,,

D) \hat{x}_h the ratio of the away-jet to the trigger jet transverse
momenta can be measured by the away particle p, distribution for a
given trigger particle pr, STAR calls this z; and I call it xg from the

CERN ISR where it was discovered 40 years ago.
Table 1: Tabulations for ¢-STAR 7°-h MJT PLB(2017)

STAR PLB760(2016)689-696

Souw = 200GeV (pr) (o) Va4 (k3 (L) ¢ ((L)=Tim)
Reaction GeV/c GeV/e  GeV/e GeV/c GeV? GeV?/fm

Au+Au 0-12% 14.71 1.72 2284035 1.006*£0.18 B841+266 1.20%0.38

Au+Au 0-12% 14.71 3a0 J442=0022 10764018 1.714067 0.24:=x0.10

| 7 Office of ) \| -
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Power Law p>3GeV/c all centralities n=8.10+0.05

1010
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10-14
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—h
o
&
_l| I| I| l| I| II I| I| I| I| I| I| I| I| l| I| II I| I| I| I| I| I' I

a° p, spectra in Au+Au
sy=200GeV

LI Minimum Bias x10°
O 0-5% Central x10'
® 0-10% x10°

M 10-20% x10

A 20-30% x10?2

O 30-40% x10°

[ ]40-50% x10*

A\ 50-60% x107°
60-70% x10°
70-80% x10';

. 80-92%x10% |

COOCrEAO [
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Table 5: Fit parameters for p7>3 GeV/c

System |

A

n

*/NDF

p+p
Au+Au 0-5%
Au+Au 0-10%
Au+Au 10-20%
Au+Au 20-30%
Au+Au 30-40%
Au+Au 40-50%
Au+Au 50-60 %
Au+Au 60-70%
Au+Au 70-80 %
Au+Au 80-92%
Au+Au 0-92%

14.61+1.45

81.18+10.30

75.28+8.89
64.62£7.64
49.33+5.78
30.85+3.53
22.58+2.61
12.40+1.48
6.25+0.78
3.38+0.45
1.19+0.18
29.31+3.07

8.12+0.05
8.20+0.07
8.18+0.06
8.19+0.06
8.18+0.06
8.10+0.06
8.13+0.06
8.06+0.07
8.03+0.07
8.12+0.08
8.03+0.09
8.17+0.05

5.68/17
9.66/16
10.62/17
10.04/17
6.63/16
10.63/16
3.50/15
8.09/15
2.89/14
8.42/13
9.84/13
6.83/17
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r’

* Due to the steeply falling power-law spectrum of the scattered partons, the
inclusive particle p; spectrum is dominated by fragments biased towards large z.
This was unfortunately called trigger bias by M. Jacob and P. Landshoff, Phys.
Rep. 48C, 286 (1978) although it has nothing to do with a trigger.

1 do,

th det ~ bn_l
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d°o.(pr,, )  doy

dprdz  dpr,

A

TP

d*or(pr, ) A

dprdz pgﬂt_l
_I'ln—-1)AB
pr,

x D(z) Fragment spectrum given pr,

X D‘?f(zt) Let ﬁTt — th/Zt dp\Tt/det|Zt — ]-/Zt

X DAz [Frazment spectum iven p, s
weighted to high z, by 7,

Di(z) = Be™%

Bjorken parent-child relation: parton and particle
invariant p; spectra have same power n, etc.
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=
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= ® PHENIX 7°
02 L [] * STAR Jet
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1 L E 2
10 = E
E -
100 = -
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s e :
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N I % I
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° — * f
1076 = }
= = 1
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= = f
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n—1 n 1078
PT; det b th : )
pr (GeV/c)
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Fit the correlation function with a trigger side gaussian in A® and an
away side gaussian in sin(AP-m=x), where —t/2<x<7/2, which can

easily be converted to V <p?,, by multiplying the fit result by p,

For the away-side, —7/2 < A¢ < 37/2, let © = A¢p — 7. 1 defined a

variable opop = 0y /P1a = <Sin2 .ZL'> and fit for that instead of just fitting for
\/(;1:72) . Then after the fit, multiply opop X pra = 0y = v/ (P2ut)-
df (x) _ N, o8z - —(sin z)? (14)
dr erf(1.0/(0nopV2))  OnopV2m 2070p
Then set:
{pes) = Dre X Opop (15)
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D) The away particle p.., distribution for
a given trigger particle p, measures the

ratio of the away jet to trigger jet p;
Xg=Pr. /P (STAR calls z)

4.2 The ratio of the away jet to the trigger jet, X, = Pra/Pr¢-

d Py 1 1
=N(n—1)=

de th

Full derivation in Appendix or see
PHENIX = p+p PRD74(2006)072002
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100.00

10.00

1.00

dP/dxqg

0.01
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STAR m0-h pp pPr=12-20 GeV/c

—  STAR 70-h AuAu0012 pr=12-20 GeV/c =

E N Xn x?/dof E

[ ©3.15+0.04 0.84+0.0064 153/5 _|

| ®3.54+0.48 0.36+0.018 38.8/5 _|
fit

= Yi

[ 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1

0 0.2 0.4 0.6 0.8 1.0

Xg

n(y; + €ep0p; — Yit)?
2 Z ? — 7 5l Eg

i=1 g,

0; = O (1 + ebabi/y@-)

y; wWith sys error o,

Yi + €p0p, with errors G; and € = —1.3 £ 0.5.

zp = 0.36 £0.05
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The result for the lower ({pr,) = 1.72 GeV /c) bin of (§L) = 8.41£2.66 GeV?
is 3.2 ¢ from zero. The result for ({pr,) = 3.75 GeV/c) bin, (¢L) = 1.71+0.67
GeV?, is at the edge of agreement, 2.4 o below the value in the lower pr,
bin, but also 2.6 ¢ from zero. If the different pr, ranges do not change the
original di-jet configuration, then the value of (¢L) should be equal in both
ranges and can be weighted averaged with a result of (¢L) = 2.11 4+ 0.64
GeV?. Taking a guess for (L) in an Au+Au central collision as 7 fm, half the
diameter of an Au nucleus, the result would be ¢ = 1.20 4= 0.38 GeV?/fm for
the lowest pr, bin, § = 0.24 4 0.096 GeV?/fm for the higher pr, bin, with
weighted average ¢ = 0.3040.09 GeV?/fm. These results are close to or lower
than the result of the JET collaboration ¢ = 1.2 4 0.3 GeV?/fm at 79 = 0.6
fm/c. However the di-jet spends 7 ~ 7 — 14 fm/c in the medium which may
affect the value of ¢ to be compared with the JET collaboration result which
used only single (trigger) hadrons for their calculation.

S = 200GeV (re) (o) V(B4 /(R . (L) g ((L)y=Tfm)
Reaction GeV/e GeV/e  GeV/e GeV/c GeV? GeV?/fm

Au+Au 0-12% 14.71 1.72 2284+0.35 1.006£0.18 841+266 1.20+0.38

Au+Au 0-12% 14.71 3.7 1424022 1076+0.18 1.714+0.67 0.244+0.10
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It is important to emphasize that the calculated values of (L) are propor-
tional to the square of the value of ) derived from the measured away-side
zp (i.e. xg) distribution. Although in the literature for more than a decade
in a well-cited paper and referenced in an important QCD Resource Letter
[Kronfeld,Quigg Am. J. Phys. 78 (2010) 1081], this equation has neither
been verified nor falsified by a measurement of di-jet correlations with a di-
hadron trigger. Future measurements at RHIC will be able to do this and
thus greatly improve the understanding of di-jet and di-hadron azimuthal
broadening. See prediction of [A.Mueller, et al. Phys. Lett. B763 (2016)
208] for pr = 35 GeV/c jets at RHIC.
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Dijet Angular Correlation at RHIC | A Mueller et al PLB 763 (2016) 208

6F  |— 6L = 0GeV?
i --- L = 8 GeV? 1
S gL = 20GeV* ;]
< 4} .
% % : : (éL) /2 _ !<ﬂ;h>] [<p0ut>AA$2 <p0ut>pp]
== | | : h
9| i

1725 26 2.7 28 20 3.0 3.1
Ao

Does the formula give the same answer for ghatL. from <p?
the above predictions at RHIC for 35 GeV Jets?
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qp)[y:O]

@ 200 GeV Au+Au
M 130 GeV Au+Au
V 62.4 GeV Au+Au
’ 39 GeV Au+Au
wfs 27 GeV Au+Au
A 19.6 GeV Au+Au
@ 14.5 GeV Au+Au
M 7.7 GeV Au+Au

qp)[y=01

@ 200 GeV Au+Au
M 130 GeV Au+Au
V 62.4 GeV Au+Au
0 39 GeV Au+Au

wf= 27 GeV Au+Au
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M 7.7 GeV Au+Au
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PHENIX PRC93(2016)024901

An exercise 1n systematic errors!
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2.4

S e Y e Ge . | Bozek, Broniowski, Rybczynski
21 iy g e e e 1 |PRC94(2016)014902 do a constituent
) Egggg ji‘sz‘u ﬁﬁg (SV: ?ﬁlark participant calculation which
o PHENIX, Au + Au, \/syy = 200 GeV Cy call QW (wounded quark) and
1 - iﬁjﬁ?ﬁgjpﬁ,% 19 Gev @ find that it works for ALICE Pb+Pb
S } g L1 | Vsn=2.76 TeV “but we note in Fig. 1
5 12 ! that at Vs,=200 GeV the
= corresponding p + p point is higher by
Tosr about 30% from the band of other
06 | — %ﬁﬁ@%m reactions”(only from the lowest AuAu
. | | point)
0.3 - DEOHHHEAEID
00 b——
1 10 10°
(Nw)
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2.4

S s B Gy 11 Only from the lowest AuAu point
21 1 eI e G -| Of course I noted that they only used
 PHENIX Ei*g‘}ﬁ@_z%%ogievv || our tabulated statistical errors but left
18| pHENTX e e out our Type B correlated systematics
s - iiIIECI\]gXPg:PUI;\/@ 1 GV ] sh(?wn on our plots where all the data
S I L 5 ¢ ¢ *" || points can be moved up to the top of
T2 +| their syserror bars with the cost of 1 0,
~ /| so that the ratio of the p+p to lowest
Tosh R AuAu point is 1.19+0.17 statistical, or
06 | Cina IR 1332022 if we simply add the sys and
. || stat in quadrature. 1.e. 33+22%=30%
03 - soooneet | But this difference 1s not significant.
0.0 b
1 10 10°
(Nw)
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qp)[v=0]

N
| T T

dN_/dvn /(0.5 N

Y
[5)]

0.5

@® 200 GeV Au+Au
@ 200 GeV p+p
’ 39 GeV Au+Au

A 19.6 GeV Au+Au

M 7.7 GeV Au+Au

We actually didn’t calculate the p+p
value in PRC93 (2016) 024901, but did
show the systematic errors on the plot.
So here they are along with the p+p
calculation from PRC93 (2016) 054910
using the same UAS pbar+p dN_/dn
=2.23+0.08 at vs=200 GeV with a
p+p/Au+Au ratio of 1.19+0.19+0.16 sys
1.e. agreement to = 1 o for all the data
points at 200 GeV Au+Au.
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As far as I can tell BB&R use r, =0.94
fm for the proton rms radius in Eq 4 and
a gaussian wounding profile for a q+q
collision--Not the standard Glauber.
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The Constituent Quark Participant Model (N)
works at mid-rapidity for A+B collisions in the range

(~20 GeV) 39 GeV< Vs < 5.02 TeV.

Experiments generally all use the same Glauber
M.C. but the BB&R’s M.C. 1s different for g+q

scattering leading to somewhat different results.
Attention must be paid to systematic errors.

How can the event-by-event proton radius
variations and quark-quark correlations used in
Constituent Quark Glauber models be measured?
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Table 1: Ny, in p+p

paper /S, aibn,fl T, ailgel (mb)  (Nyp)
p+p (GeV) (mb) (fm) (GeV)

PX2014 Phys. Rev. C89, 044905 (2014) 200 420 081 936  2.99
MPTS Phys. Rev. C93, 054910 (2016) 200 42.3  0.81 8.17 2.78
Loizides Phys. Rev. C94, 024914 (2016) 200 42.  0.81 8.1 2.8
BB&R Phys. Rev. C94, 014902 (2016) 200 41.3 0.94 7.0 2.60
reaction dn/deta err Sys Qw err
p+p Bozek 2.29 0.08 2.6
p+pMITBozek 2.23 0.08 2.6
p+p MPTS 2.23 0.08 2.78
cent 55-60 QW err
AuAu Bozek 52.2 6.5 4.88 80.65
AUuAUPX 52.2 6.5 4.88 77.5 6.8
dnch/QW err
p+p Bozek 0.881 0.031
p+pMITBozek 0.858 0.031
p+p MPTS 0.802 0.029
dnch/QW stat sys
AuAu Bozek 0.647 0.081 0.061
AuAuPX 0.674 0.103 0.086
stat Sys stat+sys shift sys stat
pp/Au Bozek 1.361 0.176 0.136 0.222 1.225 0.176
ppmjtB/AuB 1.325 0.172 0.133 0.217 1.192 0.172
pp/AuAu PX 1.191 0.186 0.159 0.245 1.032 0.186
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Appendix
Correlations
Details

For skeptics
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(1/N_ ) dN/dz

jet

T T T I T T T | T T T | T T T I T T T ?
O  OPAL &'e'\5=180 GeV gluon jet 3
1 03 ® OPAL €'e quark jet -
A  DELPHI e'e \s=180 GeV gluon jet 3
1 02 DELPHI e*e” quark jet _;‘
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1 ~
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A All gluon jets
v All quark jets
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(p,,) (GeV/c]

PHENIX PRD 74 (2006) 072002, PRD 81 (2010) 012002, give these calculations.
The method is better described in arXiv:nucl-ex/0611008v2 [PoS(CFRNC2006)001]
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The away particle p, distribution for a
given trigger particle p, measures the

ratio of the away jet to trigger jet pr
Xg=Pr, /Pty STAR calls z)

4.2 The ratio of the away jet to the trigger jet, X, = Pra/Pr¢-

d Py 1 1
=N(n—1)=

da:E th

Full derivation next pages
PHENIX = p+p PRD74(2006)072002
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2 particle Correlations

(p'* Prob. that you make a jet
dQO.“ ¢ Zt) dO' X Dq( ) with Pr, which fragments to
dprdz  dpy,

am with z=p;/ Dp

Also detect fragment with z, = pr,/Pr,
from away jet with pr, /pr, = Zp

3 o)
d aﬂ(m, zt) za) qu X Dq( ) % Dq(z ) Prob.thatA away
dpr,dzdz,  dpr, mATal et with Pr,
¢ ¢ fragments to a &t
with z =p,/ ]A)Ta

__Pra  Pra _ ZPrTa
~a IR ~ S A A SS, ~
Pra  ThPTt  ThPTH
Appears to be
d0'1|- — 1 d0q Dq Dq “tPT, sensitive to away
(1) ,\ t) ) ||
detdztdea Th PT; d(th / Zt) :L‘hth jet Frag. Fn.
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I kept going and got a neat result

dor 1 do, %pr
— R D4 Dq a
dpr,dzdpr,  Znpr,d(pr,/2) () (a:hth) (D
doyg A
Take: D(2) = B exp(—bz)
d(th/zt) (th/Zt)("’ 1)
dO'ﬂ- e :
"o d2 2" exp —bzy (1 + —=
detdea .Eh th TPt
dor.  AB
- —— / dz, 2" % exp —bz
det th Ty

Using: I'(a, z) = / Tt letdt  Where ['(a0)=T'(a)=(a-1) I'(a)
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d*o I'(n) B* A 1
d I)Tt'dea ~ b Iy [)%t (1 -+ PA)n

do .

_T(n—-1) AB

dpry hr—1 p,}’;t_l

d P,
d]) Ta

B(n—-1) 1 1

. A PTa n
bpre  an (14 722-)

~J

(42)

PTt
In the collinear limit, where pra=xgprt :

dP, B(n—1) 1 1
drg b i (1 + %i;)n.

~

(43)

i

PTt

Where B/b=<m>=b is the mean charged multiplicity in the jet

~—



100-000 :L L} 1 L 1 1 1 1 ] I ] I 1 ] 1 L} I I I I L | L 1 1 ].__
10.000 =
_ A
; A
,5 1.000 = =
g = =
o — —_
[ — 1 nO
A l— —
£
\'2
} 0.100 = =
0.010 = =
0.001 L1 1 1 I ikl I [ R | l 1 1 1 l Tt i | I A1 1 1
0.00 0.25 0.50 0.75 1.00 1.25 1.50

Xg

| 7 Office of =
@ Science BROOKHRUEN Erice 2017 P )K{NIX M. J. Tannenbaum 77

U.S. DEPARTMENT OF ENERGY



* The only dependence on the fragmentation function is in the
normalization constant B/b which equals <m>, the mean multiplicity
in the away jet from the integral of the fragmentation function.

* The dominant term in the x; distribution is the Hagedorn function
1/(14+2g/%r)"™ so that at fixed py, the x;, distribution is predominantly
a function only of x; and thus exhibits xg scaling, as observed.

The reason that the xg distribution 1s not sensitive to the shape of the
fragmentation function is that the integral over z, in (1, 2) for fixed p,
and pr, 1S actually an integral over jet transverse momentum pr, .
However since the trigger and away jets are always roughly equal and
opposite in transverse momentum (in p+p), integrating over Pr,
simultaneously integrates over Pr, . The integral is over z, which
appears in both trigger and away side fragmentation functions in (1).
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